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1. 

STABILIZATION OF VINYLETHER 
MATERALS 

This application is a division of U.S. patent application Ser. 
No. 1 1/219,218 filed on Sep. 2, 2005. 

TECHNICAL FIELD 

This invention relates generally to stabilizing coating com 
positions that include vinyl ethers, and more specifically, to 
stabilizing coating compositions having vinyl ethers and 
radiation sensitive photoacid generators (PAGs), while pre 
serving their ability to polymerize in the presence of a PAG 
and radiation. 

BACKGROUND 

Coating compositions have a wide range of applications 
Such as molding to create relief images from relief patterns on 
a mold. Step and Flash Imprint Lithography is one Such 
molding process that uses coating compositions for forming 
relief images. In micro-molding or imprint processes, a UV 
transparent template having a relief pattern therein is used as 
a mold to form a relief image on a coating of a Substrate, 
according to the topography of the relief pattern. The relief 
pattern of the template contacts the coating. Exposing the 
coating to radiation through the UV transparent template 
causes curing of the coating so that the coating becomes a 
solid. Subsequent release of the UV transparent template 
from the cured or polymerized solidified coating produces a 
relief image that is used as a protective stencil in subsequent 
additive or subtractive etch procedures. 
As the need for higher and higher levels of integration has 

arisen in the industry, the need for higher resolution of the 
replication process, i.e., for forming a larger number of lines 
and spaces in a given area of the Substrate has increased 
dramatically. Therefore, there is a need for improved coating 
compositions that cure when they are subjected to radiation, 
such as UV light. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a stable vis 
cosity coating composition, comprising: at least one vinyl 
ether having at least one vinyl ether group (CR2=CRO ) and 
a stabilizer for stabilizing a viscosity of the stable viscosity 
coating composition. The at least one vinyl ether may be 
represented by one of the following structures (I-VI): 
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The stabilizer includes at least one of i) a substituted 9-an 

thracenemethanol (VII) having a structure as follows: 

(VII) 

RS R70 

wherein the substituted 9-anthracenemethanol is not 9-an 
thracenementhanol, and ii) a Substituted phenothiazine hav 
ing a structure as follows: 

(VIII) 

Each D, E, F, G, J, and K of the at least one vinyl ether 
independently at each occurrence represents either a carbon 
or a silicon atom. 

Each n, o, p, q, r, s, t, U, V, W, X, y and Z (n-Z) independently 
at each occurrence may represent integers from 0 to 6. 
wherein a Sum of the integers (n-Z) in any one of the vinyl 
ethers is sG. 

Each R", R°, R, R, R5, R, R7, R, R, Rio, R l, R12, R13, 
R14, R15, R 6. R7, R s R19, R20. R2, R22, R23, R24, R25, R26, 
R27, R28, R29, R30, R3, R32, R33, R34, R35, R36, R37, R3s, R39, 
R.10, R4, R42, R-43, R14, R15, R16, R17, R18, R19, R50, R5, R52, 
R53, R54, R55, R56, R57, R58, R59, R60, Rol, R62, R63, R64, R65, 
R66, R67, R68, R69, R70, R71, R72, R73, R74R75, R76, R77, R78, 
R79, R80, R8, R82, R83, R84, R85, Rand R7 (R-R7) may 
be independently at each occurrence a hydrogen atom, a 
fluorine atom or a hydrocarbyl Substituent with a primary, a 
secondary or a tertiary carbon attachment point. 
The hydrocarbyl substituent may be selected from the 

group consisting of a linear alkyl or a linear alkoxy group 
having 1-6 carbon atoms, a branched alkyl or branched 

(III) 

R39 R' 
R30 R36 R37 

R. 
R31 N Nasry." R R 

R32 R34 

(IV) (V) 

R55 R7 
R54 R43 R45 R50 R58 

16. N 47 R52 O N 
N O R / R56 42 59 

R R44 R49 R53 R 

R46 R48 R51 
(VI) 
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alkoxy group having 2-12 carbonatoms, a cycloalkyl, a bicy 
cloalkyl, a cycloalkoxy or a bicycloalkoxy group having 3-17 
carbon atoms, a fluorinated linear alkyl group having 2-12 
carbonatoms, a fluorinated branched alkyl group having 2-12 
carbon atoms, a fluorinated cycloalkyl group having 3-17 
carbon atoms, an aryl group, an aralkyl group, an alkaryl 
group, an alkenyl group, a cycloalkenyl group, a dihydropy 
ranyl group, a dihydrofuranyl group, an alkalkenyl group, an 
alkenylalkyl group, an alkynyl group, an alkalkynyl group, an 
alkynylalkyl group, a trifluoromethyl group, a trifluoroethyl 
group, a trifluoropropyl group, a cyanopropyl group, a tris 
trialkysily group, a tris-triarylsilyl group, a tris-trialkarylsilyl 
group, a tris-triaralkylsilyl group, a tris-trialkenylsilyl group, 
a tris-trifluoroalkyl group, a tris-trialkynylsilyl group, a tris 
trifluoromethylsilyl group, a tris-trifluoroethylsilyl group, a 
tris-trifluoropropylsilyl group, and a tris-cyanopropylsilyl 
group. 
The alkyl substituents in the tris-trialkylsilyl group may 

include linear, branched, cyclic or bicyclic alkyl substituents 
having 1 to 21 carbon atoms. The aryl substituents in the 
tris-triarylsilyl group may include phenyl, naphthyl or 
phenanthryl. 
The alkaryl substituents in the tris-trialkarylsilyl group 

may include tolyl. 
The aralkyl substituents in the tris-triaralkylsilyl group 

may include benzyl. 
The alkenyl substituents in the tris-trialkenylsilyl group 

may include vinyl. 
The fluoroalkyl substituents in the tris-trifluoroalkyl group 

may include linear or branched fluorinated alkyl groups hav 
ing 2-12 carbon atoms, or fluorinated cycloalkyl groups hav 
ing 3-17 carbon atoms. 
The alkynl substituents in the tris-trialkynylsilyl group 

may include ethynyl groups. 
Any two R'-R in the same molecule of the at least one 

vinyl ether (I-VI) and the stabilizers (VII-VIII) may be linked 
to form a three- to eight-membered cyclic group. 

The stable viscosity coating composition may further com 
prise a radiation sensitive photoacid generator (PAG). 
A second aspect of the present invention provides a method 

for forming a stable viscosity coating composition, compris 
ing: combining a vinyl ether with a stabilizer to form the 
stable viscosity coating composition. The ether comprises 
from about 70 to about 98.8 parts by weight per 100 parts by 
weight of the coating composition. The vinyl ether comprises 
at least one vinyl ether having at least one vinyl ether group 
(CR2=CRO ). The at least one vinyl ether may be repre 
sented by the following structures (I-VI): 
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4 
The stabilizer may include at least one of i) a substituted 

9-anthracenemethanol (VII) having a structure as follows: 

R77 CHOH R78 

RS R70 

and ii) a substituted phenothiazine (VIII) having a structure as 
follows: 

VIII 

Each D, E, F, G, J, and K may be independently at each 
occurrence either a carbon or a silicon atom. 

Each n, o, p, q, r, s, t, u, V, W, X, y and Z (n-Z) may be 
independently at each occurrence integers from 0 to 6. 
wherein a sum of the integers (n-Z) in any of the vinyl ethers 

s 

1S Feh R", R2, R, R*, R5, R, R7, R8, R, R10, Rl l, R12, R13, 
R14, R15, R 6. R7, R s R19, R20. R2, R22, R23, R24, R25, R26, 
R27, R28, R29, R30, R3, R32, R33, R34, R35, R36, R37, R3s, R39, 
R.10, R4, R42, R-43, R14, R15, R16, R17, R18, R19, R50, R5, R52, 
R53, R54, R55, R56, R57, R58, R59, R60, Rol, R62, R63, R64, R65, 
R66, R67, R68, R69, R70, R71, R72, R73, R74, R75, R76, R77, R78, 
R79, R80, R8, R82, R83, R84, R85, R86 and R87 (R-R7) may 
be independently at each occurrence a hydrogen atom, a 
fluorine atom or a hydrocarbyl Substituent with a primary, a 
secondary or a tertiary carbon attachment point. 
The hydrocarbyl substituent may be selected from the 

group consisting of a linear alkyl or a linear alkoxy group 
having 1-6 carbon atoms, a branched alkyl or branched 
alkoxy group having 2-12 carbonatoms, a cycloalkyl, a bicy 
cloalkyl, a cycloalkoxy or a bicycloalkoxy group having 3-17 
carbon atoms, a fluorinated linear alkyl group having 2-12 
carbonatoms, a fluorinated branched alkyl group having 2-12 

(III) 

R39 R' 
R30 R36 R37 R43 

R. O N 
O 7 N1 R40 

R31 N na O Yes R42 
R32 R34 
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carbon atoms, a fluorinated cycloalkyl group having 3-17 
carbon atoms, an aryl group, an aralkyl group, an alkaryl 
group, an alkenyl group, a cycloalkenyl group, a dihydropy 
ranyl group, a dihydrofuranyl group, an alkalkenyl group, an 
alkenylalkyl group, an alkynyl group, an alkalkynyl group, an 
alkynylalkyl group, a trifluoromethyl group, a trifluoroethyl 
group, a trifluoropropyl group, a cyanopropyl group, a tris 
trialkysily group, a tris-triarylsilyl group, a tris-trialkarylsilyl 
group, a tris-triaralkylsilyl group, a tris-trialkenylsilyl group, 
a tris-trifluoroalkyl group, a tris-trialkynylsilyl group, a tris 
trifluoromethylsilyl group, a tris-trifluoroethylsilyl group, a 
tris-trifluoropropylsilyl group, and a tris-cyanopropylsilyl 
group. 
The alkyl substituents in the tris-trialkylsilyl group include 

linear, branched, cyclic orbicyclic alkyl Substituents having 1 
to 21 carbon atoms. 
The aryl substituents in the tris-triarylsilyl group include 
phenyl, benzyl, naphthyl or phenanthryl. 
The alkaryl substituents in the tris-trialkarylsilyl group 

include tolyl. 
The aralkyl substituents in the tris-triaralkylsilyl group 

include benzyl. 
The alkenyl substituents in the tris-trialkenylsilyl group 

include vinyl. 
The fluoroalkyl substituents in the tris-trifluoroalkyl group 

include linear or branched fluorinated alkyl groups having 
2-12 carbon atoms, or fluorinated cycloalkyl groups having 
3-17 carbon atoms. 
The alkynl substituents in the tris-trialkynylsilyl group 

include ethynyl groups. 
Any two R'-R in the same molecule of the at least one 

vinyl ethers (I-VI) and the stabilizers (VII-VIII) may be 
linked to form a three- to eight-membered cyclic group. 
A third aspect of the present invention provides a method of 

using the coating composition, comprising: forming a trans 
fer layer on a Substrate from transfer layer material; coating 
the transfer layer with the coating of the second aspect of the 
present invention to form a coating; contacting the coating 
with a template having a relief pattern that includes recesses 
therein so that the coating essentially completely fills the 
recesses in the relief pattern in the template; forming a relief 
image in the coating by releasing the coating from the tem 
plate, said releasing resulting in Voids in the coating, wherein 
the relief image is a solidified reverse image replica of the 
relief pattern in the template. 
The foregoing and other features and advantages of the 

invention will be apparent from the following more particular 
description of embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention are set forth in the appended 
claims. The invention itself, however, will be best understood 
by reference to the following detailed description of an illus 
trative embodiment when read in conjunction with the 
accompanying drawings, wherein: 

FIGS. 1 through 7 are partial cross-sectional views illus 
trating a semiconductor manufacturing process, according to 
the present invention; 

FIG. 8 is a flow sheet depicting a method of using a stable 
Viscosity coating composition, according to the present 
invention; and 

FIG. 9 is a flow sheet depicting a method of forming a 
stable viscosity coating composition, according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A stable viscosity coating composition having a low vis 
cosity may be beneficial in micro-molding imprint processes 
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6 
that use a rigid or flexible imprint template having a recessed 
pattern therein for patterning a Substrate. The low viscosity 
may enable the stable viscosity coating composition to essen 
tially completely fill recesses of the template without the need 
for high temperatures and pressures. If the micro-molding 
imprint process is a Step and Flash Imprint Lithography pro 
cess, the rigid or flexible imprint template may be UV trans 
parent, allowing exposure through the template to polymerize 
or cure the stable viscosity coating composition. 
The stable viscosity coating composition of the present 

invention has a stable viscosity and is therefore an improve 
ment over other coatings used in micro-molding imprinting 
processes because a viscosity stabilizer Such as, for example, 
9-anthracenemethanol, substituted 9-anthracenemethanol 
(VII), phenothiazine, or substituted phenothiazine (VIII) has 
been included that stabilizes the low viscosity, without 
impairing its ability to polymerize or cure in the presence of 
a radiation sensitive photoacid generator (PAG) and radia 
tion. This permits such a coating composition to fill the 
recesses of a relief pattern better than coatings of the prior art. 

In certain embodiments of the present invention, the stable 
Viscosity coating composition may form a coating on a trans 
fer layer on a Substrate. Contacting the coating with the tem 
plate having the recessed pattern therein results in essentially 
completely filling the recesses of the template, to transfer the 
pattern to the coating. Exposing the coating to radiation Such 
as UV having a wavelength less than or equal to 365 nm cures 
the coating. A relief image is formed when the coating is 
released from the template, wherein the relief image may be 
an exact Solid reverse image replica of the recessed pattern in 
the template. 

In certain embodiments of the present invention, the relief 
image may either act as a protective stencil during Subsequent 
etching procedures or the relief image may be used to create 
a reverse imprint of the relief image. The relief image or the 
reverse imprint may act as a protective stencil during Subse 
quent etching procedures Such as, for example, oxygen reac 
tive ion etching (RIE), to transfer a patterned image based on 
the relief image or the reverse imprint to, for example, a 
device substrate to be patterned. It has been the experience of 
the inventors that achieving an essentially exact replica of the 
recessed pattern from the template in either the relief image or 
the reverse imprint may depend on a coating being able to 
essentially completely fill the recesses of the relief pattern of 
the UV transparent template. Therefore polymerization that 
might increase the Viscosity of the coating prior to the afore 
mentioned exposure step in the micro-molding process may 
be undesirable because the partially or completely polymer 
ized coating may not essentially completely fill the recesses 
in the relief pattern as completely as may the stable viscosity 
coating compositions of the present invention. 
A drawback of using an unstabilized coating composition 

that includes at least one vinyl ether is that the at least one 
vinyl ether may be easily polymerized by traces of acid. The 
acid may be introduced into the coating composition either by 
the PAG or from trace acid contamination of the vinyl ether 
itself, which may result in rapid polymerization of the coating 
composition even in the absence of light. It has been the 
inventor's experience that the unstabilized coating composi 
tion having at least one vinyl ether and PAG therefore may 
have a shortened shelf life during storage, even when expo 
Sure to radiation Such as to light, particularly to UV. is rigor 
ously prevented, such as by storing the stable viscosity coat 
ing composition in an opaque container. It has been the 
inventor's experience that some unstabilized coating compo 
sitions employing the at least one vinyl ether and PAG solidi 
fied within 20 days without UV exposure at ambient tempera 
ture even when the PAG may not be appreciably soluble in the 
stable viscosity coating composition, e.g., when the PAG is an 
aryl triflate or a sulfonate ester derived from a N-hydroxya 
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mide, or a N-hydroxyimide. Thus, the storage stability of the 
coating composition having at least one vinyl ether may be a 
serious concern. 
The inventors have found that addition of small amounts of 

9-anthracenemethanol, substituted 9-anthracenemethanol 
(VII), phenothiazine, or substituted phenothiazine (VIII), 
e.g., less than or equal to 15 wt % based on the weight of the 
PAG in the stable viscosity coating composition, or less than 
or equal to 0.75 wt % based on the weight of the at least one 
vinyl ether in the stable viscosity coating composition may 
stabilize a viscosity of the stable viscosity coating composi 
tions having at least one vinyl ether. 

The stable viscosity coating composition may be charac 
terized by a stable viscosity until it is be subjected to a curing 
environment. Hereinafter, “polymerizable.” “polymerize’. 
"polymerizing or “to polymerize' relate to any chemical 
process that results in formation of a chain or polymer based 
on repeating monomers or oligomers, Hereinafter, "curable.” 
“cure”, “curing or “to cure' relate to polymerization to high 
molecular weight with crosslinking. Since the stable viscos 
ity coating compositions having the stable viscosities of the 
present invention may 1) consist essentially of at least one 
vinyl ether having one vinyl ether group (R-C=CRO ), 
trace acid contamination and/or PAG, or 2) include at least 
one vinyl ether having at least two vinyl ether groups 
(RC—CRO ), trace acid contamination and/or PAG, 
exposing composition 1) to radiation may result in polymer 
ization, or exposing composition 2) to radiation may result in 
curing, unless compositions 1) and 2) may be stabilized from 
undergoing polymerization or curing by addition of at least 
one stabilizer that includes 9-anthracenemethanol, Substi 
tuted 9-anthracenemethanol (VII), phenothiazine or substi 
tuted phenothiazine (VIII). Hereinafter, “stabilized’ refers to 
the period of time from when the stabilized coating compo 
sition is formulated until it is subjected to a polymerizing or 
curing environment. "Stabilized may refer to a stable vis 
cosity coating composition having a viscosity that does not 
drift from its initial viscosity to a higher viscosity for >10 
months at ambient temperature unless it is Subjected to, for 
example, radiation or heat in the presence of the PAG. The 
stable viscosity coating composition of the present invention 
may have a viscosity less than or equal to 10 cps at 20°C. and 
may be used as a stable viscosity coating composition at 
ambient temperature and pressure. 
The stable viscosity coating composition prior to cure may 

include at least one vinyl ether having at least one vinyl ether 
group (CR2=CRO ), wherein the at least one vinyl ether 
may be represented by the following structures (I-VI): 
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R77 CH-OH R78 (VII) 

RS R70 

R75 R71 

R74 R73 R72 

and ii) a substituted phenothiazine (VIII) having a structure as 
follows: 

(VIII) 

R80 S R85. 

Each D, E, F, G, J, and K may be independently at each 
occurrence either a carbon or a silicon atom. 

Each n, o, p, q, r, s, t, U, V, W, X, y and Z (n-Z) may be 
independently at each occurrence represented by integers 
from 0 to 6, wherein a Sum of the integers (n-Z) in any one of 
the vinyl ethers may be sé. 

Each R", R2, R, R*, R5, R, R7, R8, R, R10, Rl l, R12, R13, 
R14, R15, R 6, R17, R 8, R19, R20. R2, R22, R23, R24, R25, R26, 
R27, R28, R29, R30, R3, R32, R33, R34, R35, R36, R37, R3s, R39, 
R.10, R4, R42, R-43, R14, R15, R16, R17, R18, R19, R50, R5, R52, 
R53, R54, R55, R56, R57, R58, R59, R60, Rol, R62, R63, R64, R65, 
R66, R67, R68, R69, R70, R7, R72, R73, R74R75, R76, R77, R78, 
R79, R80, R8, R82, R83, R84, R85, R86 and R87 (R-R7) may 
be independently at each occurrence a hydrogen atom or a 
hydrocarbyl Substituent with a primary, a secondary or a 
tertiary carbon attachment point. 
The hydrocarbyl substituent may be selected from the 

group consisting of a linear alkyl or a linear alkoxy group 
having 1-6 carbon atoms, a branched alkyl or branched 
alkoxy group having 2-12 carbonatoms, a cycloalkyl, a bicy 
cloalkyl, a cycloalkoxy or a bicycloalkoxy group having 3-17 

(III) 

R39 R' 
R30 R36 

R33 

N-O 2no 
R31 R35 

R32 R34 

(IV) (V) 
R55 R7 

R50 R54 
R43 R45 52 R58 

ufs N R47 A 1N 
\R. O R56 42 59 
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(VI) 

and a stabilizer. 

The stabilizer may include at least one of i) a substituted 
9-anthracenemethanol (VII) having a structure as follows: 

65 

carbon atoms, a fluorinated linear alkyl group having 2-12 
carbonatoms, a fluorinated branched alkyl group having 2-12 
carbon atoms, a fluorinated cycloalkyl group having 3-17 
carbon atoms, an aryl group, an aralkyl group, an alkaryl 
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group, an alkenyl group, a cycloalkenyl group, a dihydropy 
ranyl group, a dihydrofuranyl group, an alkalkenyl group, an 
alkenylalkyl group, an alkynyl group, an alkalkynyl group, an 
alkynylalkyl group, a trifluoromethyl group, a trifluoroethyl 
group, a trifluoropropyl group, a cyanopropyl group, a tris 
trialkysily group, a tris-triarylsilyl group, a tris-trialkarylsilyl 
group, a tris-triaralkylsilyl group, a tris-trialkenylsilyl group, 
a tris-trifluoroalkyl group, a tris-trialkynylsilyl group, a tris 
trifluoromethylsilyl group, a tris-trifluoroethylsilyl group, a 
tris-trifluoropropylsilyl group, and a tris-cyanopropylsilyl 
group. 
The alkyl substituents in the tris-trialkylsilyl group include 

linear, branched, cyclic orbicyclic alkyl Substituents having 1 
to 21 carbon atoms. 

The aryl substituents in the tris-triarylsilyl group include 
phenyl, naphthyl or phenanthryl. 
The alkaryl substituents in the tris-trialkarylsilyl group 

include tolyl 
The aralkyl substituents in the tris-triaralkylsilyl group 

include benzyl. 
The alkenyl substituents in the tris-trialkenylsilyl group 

include vinyl. 
The fluoroalkyl substituents in the tris-trifluoroalkyl group 

include linear or branched fluorinated alkyl groups having 
2-12 carbon atoms, or fluorinated cycloalkyl groups having 
3-17 carbon atoms. 
The alkynl substituents in the tris-trialkynylsilyl group 

include ethynyl groups. 
Any two R'-R in the same molecule of the at least one 

vinyl ethers (1-VI) or the stabilizers (VII-VIII) may be linked 
to form a three- to eight-membered cyclic group. 

The at least one vinyl ether (I) of the stable viscosity 
coating composition may be CH=CHOCHSi(CH), 
wherein D is the silicon atom, whereinn is 1, wherein R', R, 
R, R and Rare H, and wherein R. R7 and Rare methyl 
groups. 

Alternatively, the at least one vinyl ether (II) of the stable 
Viscosity coating composition may be 
CH=CHOCH2CHSiCCH), wherein E is the silicon atom, 
whereino and pare 1, wherein R. R', R'', R'', R', R'' and 
R" are H, and wherein R', R7 and Rare methyl groups. 

Alternatively, the at least one vinyl ether (III) of the stable 
viscosity coating composition may be CH=CHOCHSi 
(CH)2CH2OCH=CH, wherein F is the silicon atom, 
wherein q and rare 1, wherein R. R. R. R. R. R. 
R7, RandR are H, and wherein R* and Rare indepen 
dently methyl groups or CH=CHOCHC(CH),CH 
OCH=CH, wherein F is the carbon atom, wherein q and r 
are 1, wherein R, R2, R2, R22, R2, R2, R27, R28 and R2 
are H, and wherein Rand Rare methyl groups. 

Alternatively, the at least one vinyl ether (IV) of the stable 
viscosity coating composition may be CH=CHOCHSi 
(CH)OSi(CH)2CHOCH=CH, wherein G and Jare the 
silicon atoms, whereins and t are 1, wherein R. R. R. 
R2, R2, RR, RR', RandR are Hand wherein R, 
R. R7 and Rare methyl groups. 

Alternatively, the at least one vinyl ether (V) of the stable 
Viscosity coating composition may be 
CH=CHOCHCHSiCCH). CHCHOCH=CH, 
wherein K is the silicon atom, wherein q and rare 1, wherein 
R44, R45, R46, R47, R48, R49, R50, R53, R54, R55, R56, R57, R58 
and Rare H, wherein R and R° are independently methyl 
groups or CH=CHOCHCHC(CH),CHCHOCH= 
CH, wherein K is the carbon atom, wherein q and rare 1, 
wherein R14, R15, R16, R17, R18, R19, R50, R53R54, R55, R56, 
R7, Rand Rare H and wherein R and Rare methyl 
groups. 
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10 
Alternatively, the at least one vinyl ether (III) of the stable 

viscosity coating composition may be CH(CH) 
=CHOCHSi(CH)(CHOCH=CH(CH))CHOCH=CH 
(CH), wherein F is the silicon atom, wherein q and rare 1, 
wherein R,R,R,R,R, R7 and Rare H, wherein 
R. R* and R are methyl, and wherein R is 
CHOCH=CH(CH). 
Alternatively, the at least one vinyl ether (II) of the stable 

Viscosity coating composition may be 
CH=CHOCH2CHSiCSi (CH)), wherein E is the silicon 
atom, whereino and pare 1, wherein R. R', R', R', R', 
R'' and R' are H, and wherein R'R'' and Rare trimeth 
ylsilyl groups. 

Alternatively, the at least one vinyl ether (III) of the stable 
Viscosity coating composition may be CH(CH) 
=CHOCHC(CH,)(CHOCH=CH(CH))CHOCH=CH 
(CH), wherein F is the carbon atom, wherein q and rare 1, 
wherein R. R. R. R. R. R7 and Rare H, wherein 
R. R. and R are methyl, and wherein R is 
CHOCH=CH(CH). 
Alternatively, the at least one vinyl ether (I) of the stable 

viscosity coating composition may be CH=CHOCH2CF, 
wherein D is the carbonatom, whereinn is 1, wherein R. R. 
R. Rand Rare H, and wherein R. R7 and Rare fluorine 
groups. 

Alternatively, the at least one vinyl ether (I) of the stable 
Viscosity coating composition may be dihydrofuran, wherein 
D is the carbonatom, whereinn is 0, wherein R' is methylene, 
wherein R. R. R. and Rare H, wherein R is methylene, 
and wherein R7 and Rare hydrogenatoms, or dihydropyran, 
wherein D is the carbon atom, wherein n is 1, wherein R' is 
methylene, wherein R. R. R. and Rare H, wherein R is 
methylene, and wherein R7 and Rare hydrogen atoms. 
The stable viscosity coating composition may include a 

radiation sensitive photoacid generator (PAG). In certain 
embodiments of the present invention, PAGs may be used in 
the stable viscosity coating composition. These PAGs are 
compounds that generate an acid upon exposure to radiation. 
In various embodiments, any suitable photoacid generating 
agent may be used, so long as a mixture of the aforementioned 
stable viscosity coating composition and the selected photo 
acid generator dissolve sufficiently in the stable viscosity 
coating composition, or in the stable viscosity coating com 
position and an organic solvent, and the resulting Solution 
thereof may form a coating on a Substrate by a dispensing 
process, or spin coating, or the like. As is well known to those 
skilled in the art after reading the present application, the 
following illustrative classes of photoacid generators may be 
employed in various embodiments of the present invention. 
Any suitable photoacid generator can be used in the present 

invention’s stable viscosity coating composition. Typical 
photoacid generators include, without limitation: 
(1) Sulfonium salts, such as triphenylsulfonium perfluo 
romethanesulfonate (triphenylsulfonium triflate), triphenyl 
sulfonium perfluorobutanesulfonate, triphenylsulfonium per 
fluoropentanesulfonate, triphenylsulfonium 
perfluorooctanesulfonate, triphenylsulfonium hexafluoroan 
timonate, triphenylsulfonium hexafluoroarsenate, triphenyl 
sulfonium hexafluorophosphate, triphenylsulfonium bro 
mide, triphenylsulfonium chloride, triphenylsulfonium 
iodide, 2,4,6-trimethylphenyldiphenylsulfonium perfluo 
robutanesulfonate, 2,4,6-trimethylphenyldiphenylsulfonium 
benzenesulfonate, tris(t-butylphenyl)sulfonium perfluorooc 
tane Sulfonate, diphenylethylsulfonium chloride, and phena 
cyldimethylsulfonium chloride: 
(2) halonium salts, particularly iodonium salts, including 
diphenyliodonium perfluoromethanesulfonate (diphenyli 
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odonium triflate), diphenyliodonium perfluorobutane 
Sulfonate, diphenyliodonium perfluoropentanesulfonate, 
diphenyliodonium perfluorooctanesulfonate, diphenyliodo 
nium hexafluoroantimonate, diphenyliodonium hexafluoro 
arsenate, bis-(t-butylphenyl)iodonium triflate, and bis-(t-bu 
tylphenyl)-iodonium camphanylsulfonate; 
(3) C.C.'-bis-Sulfonyl-diazomethanes Such as bis(p-toluene 
Sulfonyl)diazomethane, methylsulfonyl p-toluenesulfonyl 
diazomethane, 1-cyclohexylsulfonyl-1-(1,1-dimethylethyl 
sulfonyl) diazomethane, and bis(cyclohexylsulfonyl) 
diazomethane; 
(4) trifluoromethanesulfonate esters of imides and hydroxy 
imides, e.g., C.-(trifluoromethylsulfonyloxy)-bicyclo 2.2.1 
hept-5-ene-2,3-dicarboximide (MDT); 
(5) nitrobenzylsulfonate esters such as 2-nitrobenzyl p-tolu 
enesulfonate, 2.6dinitrobenzyl p-toluenesulfonate, and 2,4- 
dinitrobenzyl p-trifluoromethylbenzene sulfonate; 
(6) Sulfonyloxynaphthalimides such as N-camphorsulfony 
loxynaphthalimide and N-pentafluorophenylsulfonylox 
ynaphthalimide; 
(7) pyrogallol derivatives (e.g., trimesylate of pyrogallol); 
(8) naphthoduinone-4-diazides; 
(9) alkyl disulfones: 
(10) s-triazine derivatives; and 
(11) miscellaneous Sulfonic acid generators including t-bu 
tylphenyl-O-(p-toluenesulfonyloxy)-acetate, t-butyl-O-(p- 
toluenesulfonyloxy)acetate, and N-hydroxy-naphthalimide 
dodecane sulfonate (DDSN), and benzoin tosylate. 

Additional Suitable acid generators useful in conjunction 
with the stable viscosity coating compositions and methods 
provided herein will be known to those skilled in the art. 
The PAG of the stable viscosity coating composition may 

include at least one of the following structures (X-XII): 

(X) 
CF2(CF).5H 

() Cs-OSO3C4F9 N 

(XI) 

FCrict, 
() Cs-OSO2C4F9 

O) N 
(XII) 

T T f f NN N1 

FC CF 

1\-1No 
Tr= CFS(O)2O 

FIGS. 1-7 depict a device 50 that may be formed using a 
method 10, as depicted in FIG. 8. The method 10 may be a 
micro-molding imprint lithographic method, Such as a Step 
and Flash Imprint Lithographic (SFIL) method. In the method 
10, a relief image 40, as depicted in FIG. 7, has been formed 
in a coating 20, as depicted in FIG. 6. The relief image 40 may 
be a solidified reverse image replica of the relief pattern 33 in 
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12 
the template 25, as depicted in FIGS. 4 and 6. FIG.9 depicts 
process steps 115-130 of a method 120 for forming a stable 
Viscosity coating composition. 

FIG. 1 depicts a substrate 12 of the device 50. 
FIG. 2 depicts the device 50 of FIG. 1 after a transfer layer 

15 has been formed on the substrate 12. The transfer layer 15 
may be formed from antireflective coatings or other appro 
priate materials known in the art such as, for example, ther 
moset polymers, thermoplastic polymers, polyepoxies, 
polyamides, polyurethanes, polycarbonates, polyesters, and 
combinations thereof. 

FIG.3 depicts the device50 of FIG. 2, after a coating 20 has 
been formed on the transfer layer 15. The coating 20 includes 
a stable viscosity coating composition disclosed herein, com 
prising: at least one vinyl ether (I-VI); and the stabilizer that 
includes 9-anthracenemethanol, the substituted 9-anthracen 
emethanol (VII), phenothiazine or the substituted phenothi 
azine (VIII), or combinations thereof. The coating may 
advantageously further comprise a PAG. The stable viscosity 
coating composition is a low viscosity solution prior to being 
exposed to the imaging radiation discussed infra in conjunc 
tion with FIG. 6. In one embodiment, the stable viscosity 
coating composition of the present invention may have a 
viscosity less than or equal to 10 cps at 20° C. and may be used 
as a coating at ambient temperature and pressure. 

FIG. 4 depicts the device 50 of FIG.3 and a template 25, 
having a relief pattern 33 therein, prior to contacting the 
coating 20. The relief pattern 33 comprises recesses 30. 

FIG. 5 depicts the device 50 of FIG.4, when the template 
25 having a relief pattern 33 has been brought into contact 
with the coating 20 by moving the template 25 in a direction 
of an arrow 55 and contacting the coating 20, so that the 
coating 20 may essentially completely fill the recesses 30 of 
the relief pattern 33 in the template 25. 

FIG. 6 depicts the device 50 of FIG. 5, wherein the coating 
20 is exposed through the template 25 to imaging radiation 35 
because the template 25 is transparent, for example, to UV 
radiation. The radiation 35 is characterized by a wavelength 
such as, interalia, 365 nm or less (e.g., 157 nm). The radiation 
35 transmitted through the transparent template 25 strikes 
those portions 16A, 16B, 16C, 16D and 16E of the coating 20 
that have essentially completely filled the recesses 30 of said 
transparent template 25. The radiation 35 causes the acid 
generator in portions 16A, 16B, 16C, 16D and 16E of the 
coating 20 to generate acid, which in turn causes the coating 
20 to solidify. 

FIG. 7 depicts the device 50 of FIG. 6 wherein a relief 
image 40 is formed in the coating 20 by releasing the coating 
20 from the template 25, said releasing resulting in voids 45 in 
the coating 20, wherein the relief image 40 may be a solidified 
reverse image replica of the relief pattern 33 in the template 
25. The coating 20 may be released from the template 25 by 
moving the template 25 in a direction of an arrow 60, said 
moving resulting in releasing the coating 20 from the tem 
plate 25. 

Micro-molding imprint lithography, such as Step and Flash 
Imprint Lithography, may utilize a low viscosity coating, 
Such as the stable viscosity coating composition of the present 
invention. The low viscosity of the stable viscosity coating 
composition eliminates the need for high temperatures and 
pressures that may be needed to enable higher viscosity coat 
ings to fill the recesses 30 of the template 40. (See FIG. 5.) 
The rigid or flexible imprint template 25 may be UV trans 
parent, allowing exposure through the template 25 to cure the 
coating 20. The accompanying increase in Viscosity of the 
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coating 20 at this stage of the micro-molding lithographic 
process is needed to Solidify the imprinted pattern, known as 
the relief image 40. 
As the need for higher and higher levels of integration has 

arisen in the industry, the need for higher resolution of the 
replication process, i.e., for forming a larger number of lines 
and spaces in a given area of the Substrate 12 has increased 
dramatically. Therefore, there is a need for the improved 
stable viscosity coating 20 until the coating 20 is subjected to 
a curable environment. 

Referring to FIGS. 1-7, supra, FIG. 8 is a flowsheet of a 
method 10. Such as the micro-molding or imprint process, 
comprising steps 70-90, for filling recesses 30 of a template 
25 with the stable viscosity coating composition. Referring to 
FIG.4, the recesses 30 may be a topography corresponding to 
the relief pattern 33 of the template 25, that defines the relief 
image 40 to be created in the coating 20, as depicted in FIG. 
7 and described herein. 

In the step 70 of the method 10, a transfer layer 15 may be 
formed on the substrate 12. 

In the step 75 of the method 10, a coating 20 may beformed 
by coating the transfer layer 15 with a stable viscosity coating 
composition, comprising: combining a vinyl ether with a 
stabilizer to form said stable viscosity coating composition. 
The vinyl ether may comprise from about 70 to about 98.8 
parts by weight per 100 parts by weight of the stable viscosity 
coating composition. The vinyl ether comprises: 

at least one vinyl ether having at least one vinyl ether group 
(CR2=CRO ), wherein the at least one vinyl ether is repre 
sented by the following structures (I-VI): 
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(I) 

(VIII) 
R79 R86 

R8 S R85. 

R8 4. R84 
R82 R83 

Each D, E, F, G, J, and K may comprises independently at 
each occurrence either a carbon or a silicon atom. Each n, o, 
p, q, r, s, t, u, V, W, X, y and Z(n-Z) may comprise independently 
at each occurrence integers from 0 to 6. A Sum of the integers 
(n-Z) in any of the vinyl ethers may be so. 

Each R", R°, R, R, R5, R, R7, R, R, Rio, R l, R12, R13, 
R14, R15, Rl 6, R17, Rl s R19, R20. R2, R22, R23, R24, R25, R26, 
R27, R28, R29, R30, R3, R32, R33, R34, R3s, R36, R37, R38, R39, 
R.10, R4, R42, R-43, R14, R15, R16, R17, R18, R19, R50, R5, R52, 
R53, R54, R55, R56, R57, R58, R59, R60, Rol, R62, R63, R64, R65, 
R66, R67, R68, R69, R70, R7, R72, R73, R74R75, R76, R77, R78, 
R79, R80, R8, R82, R83, R84, R85, R86 and R87 (R-R7) may 
comprise independently at each occurrence a hydrogenatom, 
a fluorine atom or a hydrocarbyl Substituent with a primary, a 
secondary or a tertiary carbon attachment point. The hydro 
carbyl Substituent may be selected from the group consisting 
of a linear alkyl or a linear alkoxy group having 1-6 carbon 
atoms, a branched alkyl or branched alkoxy group having 
2-12 carbon atoms, a cycloalkyl, a bicycloalkyl, a 
cycloalkoxy or a bicycloalkoxy group having 3-17 carbon 
atoms, a fluorinated linear alkyl group having 2-12 carbon 

(III) 

O / 

R31 Sn na 
R32 R34 

(IV) 

-S-N- R43 R45 R50 J R47 40 
No1 V R R42 N-O ;4 

R R44 R49 

R46 R48 R51 

The stable viscosity coating composition further com 
prises a stabilizer that includes at least one of i) a substituted 
9-anthracenemethanol (VII), having a structure as follows: 

(VII) 
R77 CHOH R78 

and ii) a substituted phenothiazine (VIII), having a structure 
as follows: 

50 
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(V) 

R55 R7 
R58 -N. 

R59 

(VI) 

atoms, a fluorinated branched alkyl group having 2-12 carbon 
atoms, a fluorinated cycloalkyl group having 3-17 carbon 
atoms, an aryl group, an aralkyl group, an alkaryl group, an 
alkenyl group, a cycloalkenyl group, a dihydropyranyl group, 
a dihydrofuranyl group, an alkalkenyl group, an alkenylalkyl 
group, an alkynyl group, an alkalkynyl group, an alkynylalkyl 
group, a trifluoromethyl group, a trifluoroethyl group, a trif 
luoropropyl group, a cyanopropyl group, a tris-trialkysily 
group, a tris-triarylsilyl group, a tris-trialkarylsilyl group, a 
tris-triaralkylsilyl group, a tris-trialkenylsilyl group, a tris 
trifluoroalkyl group, a tris-trialkynylsilyl group, a tris-trifluo 
romethylsilyl group, a tris-trifluoroethylsilyl group, a tris 
trifluoropropylsilyl group, and a tris-cyanopropylsilyl group. 
The alkyl substituents in the tris-trialkylsilyl group may 

include linear, branched, cyclic or bicyclic alkyl substituents 
having 1 to 21 carbon atoms. 
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The aryl substituents in the tris-triarylsilyl group include 
phenyl, benzyl, naphthyl or phenanthryl. 
The alkaryl substituents in the tris-trialkarylsilyl group 

may include tolyl. 
The aralkyl substituents in the tris-triaralkylsilyl group 

may include benzyl. 
The alkenyl substituents in the tris-trialkenylsilyl group 

may include vinyl. 
The fluoroalkyl substituents in the tris-trifluoroalkyl group 

may include linear or branched fluorinated alkyl groups hav 
ing 2-12 carbon atoms, or fluorinated cycloalkyl groups hav 
ing 3-17 carbon atoms. 
The alkynl substituents in the tris-trialkynylsilyl group 

may include ethynyl groups. Any two R'-R in the same 
molecule may be linked to form a three- to eight-membered 
cyclic group. 
The stable viscosity coating composition may further com 

prise a radiation sensitive photoacid generator (PAG), 
wherein said PAG comprises from about 0.2 to about 10.0 
parts by weight per 100 parts by weight of the stable viscosity 
coating composition. 

In the step 80 of the method 10, the coating 20, for example, 
the stable viscosity coating composition as described in step 
115 of the method 20, depicted in FIG. 9, infra, may essen 
tially completely fill the recesses 30 of the relief pattern 33 in 
the template 25 to transfer the relief pattern 33 to the coating 
20. 

In the step 85 of the method 10, a polymerized or cured 
solidified coating 20 may be formed by exposing the coating 
20 to radiation35 through the template 25. (See FIG. 6) In the 
step 90 of the method 10, the template 25 may be released 
from the coating 20 to form the relief image 40, said releasing 
resulting in voids 45 in the coating 20, wherein the relief 
image 40 may be a solidified reverse image replica of the 
relief pattern 33 in the template 25. (See FIGS. 6-7). 

FIG. 9 is a flowsheet of a method 120 for forming a stable 
Viscosity coating composition, comprising: a step 115, com 
bining a vinyl ether with a stabilizer to form the stable vis 
cosity coating composition, wherein the stable viscosity coat 
ing composition may be the same stable viscosity coating 
composition as described in the step 75 of the method 10. 
The stable viscosity coating composition may further 

advantageously comprise a PAG. 
Referring to FIG. 2, the method 120 may include a step 

125, combining the PAG with said vinyl ether and said stabi 
lizer, wherein said PAG comprises from about 0.2 to about 
10.0 parts by weight per 100 parts by weight of the stable 
Viscosity coating composition. The PAG may be a Sulfonium 
salt. 

Non-limiting examples of the PAG combined with the 
stable viscosity coating composition in step 125 of the 
method 120 are represented by at least one of the following 
structures (X-XII): 

() Cs-OSO2C4Fo 
O) N 
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-continued 
(XI) 

Fictic, 
() Cn-OSO2C4F9 

O) N 
(XII) 

Tf Tf n N N 1. 

FC CF 

In the step 125 of the method 120, the molar ratio of the 
stabilizer to the PAG in the stable viscosity coating compo 
sition may be from about 0.01 to about 0.2. 

In the step 130 of the method 120, the stable viscosity 
coating composition may be polymerized and form a higher 
Viscosity coating Such as Solid coating by exposing the stable 
Viscosity coating composition to radiation, such as UV light. 

While almost all the PAGs generate acid upon exposure to 
short wavelength UV-300 nm, addition of the substituted 
9-anthracenemethanol (VII) or the substituted phenothiazine 
(VIII) sensitizes sulfonium PAGs and nonionic (X-XII) PAGs 
to near UV (365 nm) radiation, which is an added advantage 
of the use of the substituted 9-anthracenemethanol (VII) or 
the substituted phenothiazine (VIII) in the stable viscosity 
coating composition. Hg discharge lamps have a low output 
in the deep UV region (<300 nm) and the vinyl ethers strongly 
absorb in the region, lowering acid generation efficiency. 
Utilization of the strong near UV radiation without interfer 
ence by the vinyl ether component is desirable in terms of 
photoSpeed and throughput. 
The stabilizer may sensitize the sulfonium salts so that the 
Sulfonium salts generate acid upon exposure to UV radiation 
having a wavelength not exceeding 365 nm. 
The inventors have found from measurement of the shelf 

life of the stable viscosity coating composition that it has an 
increased shelf life, as compared to a shelf life of a corre 
sponding stable viscosity coating composition that does not 
include the stabilizer by a factor of greater than 2, wherein 
shelf life is defined as (T-T), wherein T, is an initial time 
when the vinyl ether is combined with the PAG, and T, is a 
final time when a viscosity of the stabilized stable viscosity 
coating composition has increased to a viscosity greater than 
or equal to 10 cps, at 20° C. 

PAGs, also known as photoacid generators, may be advan 
tageously used in the stable viscosity coating composition of 
the invention. These photoacid generators are compounds 
that generate an acid upon exposure to radiation. Any Suitable 
photoacid generating agent may be used, so long as a mixture 
of the aforementioned stable viscosity coating composition of 
the present invention and the selected photoacid generator 
dissolve sufficiently in the coating, or in the coating and an 
organic solvent, and the resulting Solution thereofmay form a 
coating on a Substrate by a dispensing process, or spin coat 
ing, or the like. As is well known to those skilled in the art 
after reading the present application, the following illustra 
tive classes of photoacid generators may be employed in 
various embodiments of the present invention. 
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Any Suitable photoacid generator can be used in the stable 
Viscosity coating compositions of the invention. Typical pho 
toacid generators include, without limitation: 
(1) Sulfonium salts, such as triphenylsulfonium perfluo 
romethanesulfonate (triphenylsulfonium triflate), triphenyl 
sulfonium perfluorobutanesulfonate, triphenylsulfonium per 
fluoropentanesulfonate, triphenylsulfonium 
perfluorooctanesulfonate, triphenylsulfonium hexafluoroan 
timonate, triphenylsulfonium hexafluoroarsenate, triphenyl 
sulfonium hexafluorophosphate, triphenylsulfonium bro 
mide, triphenylsulfonium chloride, triphenylsulfonium 
iodide, 2,4,6-trimethylphenyldiphenylsulfonium perfluo 
robutanesulfonate, 2,4,6-trimethylphenyldiphenylsulfonium 
benzenesulfonate, tris(t-butylphenyl)sulfonium perfluorooc 
tane Sulfonate, diphenylethylsulfonium chloride, and phena 
cyldimethylsulfonium chloride: 
(2) halonium salts, particularly iodonium salts, including 
diphenyliodonium perfluoromethanesulfonate (diphenyli 
odonium triflate), diphenyliodonium perfluorobutane 
Sulfonate, diphenyliodonium perfluoropentanesulfonate, 
diphenyliodonium perfluorooctanesulfonate, diphenyliodo 
nium hexafluoroantimonate, diphenyliodonium hexafluoro 
arsenate, diphenyliodonium bis-(t-butylphenyl)iodonium tri 
flate, and bis-(di-t-butylphenyl)-iodonium 
camphanylsulfonate; 
(3) C.C.'-bis-Sulfonyl-diazomethanes Such as bis(p-toluene 
Sulfonyl)diazomethane, methylsulfonyl p-toluenesulfonyl 
diazomethane, 1-cyclohexylsulfonyl-1-(1,1-dimethylethyl 
sulfonyl) diazomethane, and bis(cyclohexylsulfonyl) 
diazomethane; 
(4) trifluoromethanesulfonate esters of imides and hydroxy 
imides, e.g., C.-(trifluoromethylsulfonyloxy)-bicyclo 2.2.1 
hept-5-ene-2,3-dicarboximide (MDT); 
(5) nitrobenzylsulfonate esters such as 2-nitrobenzyl p-tolu 
enesulfonate, 2,6-dinitrobenzyl p-toluenesulfonate, and 2,4- 
dinitrobenzyl p-trifluoromethylbenzene sulfonate; 
(6) Sulfonyloxynaphthalimides such as N-camphorsulfony 
loxynaphthalimide and N-pentafluorophenylsulfonylox 
ynaphthalimide; 
(7) pyrogallol derivatives (e.g., trimesylate of pyrogallol); 
(8) naphthoduinone-4-diazides; 
(9) alkyl disulfones: 
(10) s-triazine derivatives; and 
(10) miscellaneous Sulfonic acid generators including t-bu 
tylphenyl-O-(p-toluenesulfonyloxy)-acetate, t-butyl-O-(p- 
toluenesulfonyloxy)acetate, and N-hydroxy-naphthalimide 
dodecane sulfonate (DDSN), and benzoin tosylate. Such 
bulky acids may include at least 4 carbon atoms. 
A photoacid generator that may be employed in the present 

invention is an onium salt, Such as an iodonium salt or a 
Sulfonium salt, and/or a Succinimide derivative. In certain 
embodiments of the present invention, examples of the pho 
toacid generator structures for the present invention may 
include, inter alia, at least one of 4-(1-butoxynaphthyl) tet 
rahydrothiophenium perfluorobutanesulfonate, triphenyl sul 
fonium perfluorobutanesulfonate, t-butylphenyl diphenyl 
sulfonium perfluorobutanesulfonate, 4-(1-butoxynaphthyl) 
tetrahydrothiophenium perfluoroo ctanesulfonate, triphenyl 
sulfonium perfluorooctanesulfonate, t-butylphenyl diphenyl 
sulfonium perfluorooctanesulfonate, di(t-butylphenyl) iodo 
nium perfluorobutane sulfonate, di(t-butylphenyl) iodonium 
perfluorohexane sulfonate, di(t-butylphenyl) iodonium per 
fluoroethylcyclohexane sulfonate, di(t-buylphenyl)iodonium 
camphoresulfonate, and perfluorobutylsulfonyloxybicylo 
2.2.1-hept-5-ene-2,3-dicarboximide. Any of the preceding 
photoacid generators may be used singly or in a mixture of 
two or more. The specific photoacid generator selected will 
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depend on the irradiation being used for polymerizing the 
stable viscosity coating composition. Photoacid generators 
are currently available for a variety of different wavelengths 
of light from the visible range to the X-ray range; thus, imag 
ing of the stable viscosity coating composition can be per 
formed using deep-UV, extreme-UV, e-beam, laser, or any 
other selected irradiation source that is deemed useful. 

Example 1 

Tri(Ethylene Glycol) Divinyl Ether Stable Viscosity 
Coating Composition 

Diphenyl(p-tollyl)sulfonium triflate (0.0998 g) was dis 
solved in 2.0103 g of tri(ethylene glycol) divinyl ether, to 
which was added 0.0152 g of 9-anthracenemethanol, the sub 
stituted 9-anthracenemethanol (VII), phenothiazine or the 
substituted phenothiazine (VIII). The formulation was a clear 
free-flowing low viscosity liquid even after 5 months at room 
temperature. The Viscosity of a similar formulation consisting 
of 9.9949 g of di(ethylene glycol) divinyl ether, 0.5014 g of 
p-tollyldiphenylsulfonium triflate, and 0.0751 g of 9-an 
thracenemethanol, the substituted 9-anthracenemethanol 
(VII), phenothiazine, or the substituted phenothiazine (VIII) 
was found unchanged after 6 months at room temperature. 

Example 2 

Dimethyl-Bis(Vinyloxymethyl)Silane Stable 
Viscosity Coating Composition 

Another formulation containing 1.0049 g of dimethyl-bis 
(vinyloxymethyl)silane, 0.0204 g of at least one of the PAGs 
(X-XII), and 0.0030 g of 9-anthracenemethanol, the substi 
tuted 9-anthracenemethanol (VII), phenothiazine or the sub 
stituted phenothiazine (VIII) survived more than 10 months 
of room temperature storage. In contrast, the same Si-vinyl 
ether (with and without trifluoroethyl vinyl ether) and tri 
(ethylene glycol) divinyl ether containing 0.5 wt % of at least 
one of the PAGs (X-XII) without the 9-anthracenemethanol, 
the substituted 9-anthracenemethanol (VII), phenothiazine or 
the substituted phenothiazine (VIII) stabilizer solidified in 2 
months. 

Example 3 

Accelerated Aging Experiments DiCEthylene Glycol) 
Divinyl Ether 

Accelerated aging experiments were carried out at 60° C. 
While a formulation of di(ethylene glycol) divinyl ether and 
diphenyl(tollyl)sulfonium triflate solidified in less than 5 
days at 60° C. in the absence of a stabilizer, addition of 
9-anthracenemethanol, the substituted 9-anthracenemetha 
nolVII, phenothiazine or the substituted phenothiazine (VIII) 
prolonged the shelf life to 10 and 12 days at 60°C. 

While the invention has been particularly shown and 
described with reference to embodiments thereof, it will be 
understood by those skilled in the art that the foregoing and 
other changes in form and details may be made therein with 
out departing from the spirit and scope of the invention. 

We claim: 
1. A method for forming a stable viscosity coating compo 

sition, comprising combining a vinyl ether with a stabilizer to 
form said stable viscosity coating composition, wherein said 
ether comprises from about 70 to about 98.8 parts by weight 
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per 100 parts by weight of the stable viscosity coating com 
position, said vinyl ether comprising: 

vinyl ether having the structure: 

(III) 

a stabilizer having the structure: 

(VII) 
R77 CHOH R78 

R75 R71; and 

wherein selected from the group consisting of a carbon 
atom and a silicon atom, 

wherein q and rare independently an integer from 0 to 6. 
wherein a sum of the integers q and r is so, and 
wherein each occurrence of R. R. R. R. R. R. 

R25, R26, R27, R28, R29, R71, R72, R73, R74, R75, R76, and 
R’ is independently selected from the group consisting 
of a hydrogen atom, a fluorine atom or a hydrocarbyl 
Substituent with a primary, a secondary or a tertiary 
carbon attachment point, said hydrocarbyl Substituent 
selected from the group consisting of a linear alkyl or a 
linear alkoxy group having 1-6 carbon atoms, a 
branched alkyl or branched alkoxy group having 2-12 
carbon atoms, a cycloalkyl, a bicycloalkyl, a 
cycloalkoxy or a bicycloalkoxy group having 3-17 car 
bon atoms, a fluorinated linear alkyl group having 2-12 
carbonatoms, a fluorinated branched alkyl group having 
2-12 carbon atoms, a fluorinated cycloalkyl group hav 
ing 3-17 carbon atoms, an aryl group, an aralkyl group, 
an alkaryl group, an alkenyl group, a cycloalkenyl 
group, a dihydropyranyl group, a dihydrofuranyl group, 
an alkalkenyl group, an alkenylalkyl group, an alkynyl 
group, an alkalkynyl group, an alkynylalkyl group, a 
trifluoromethyl group, a trifluoroethyl group, a trifluo 
ropropyl group, a cyanopropyl group, a tris-trialkysily 
group, a tris-triarylsilyl group, a tris-trialkarylsilyl 
group, a tris-triaralkylsilyl group, a tris-trialkenylsilyl 
group, a tris-trifluoroalkyl group, a tris-trialkynylsilyl 
group, a tris-trifluoromethylsilyl group, a tris-trifluoro 
ethylsilyl group, a tris-trifluoropropylsilyl group, a tris 
cyanopropylsilyl group, and 

wherein the alkyl substituents in the tris-trialkylsilyl group 
include linear, branched, cyclic or bicyclic alkyl sub 
stituents having 1 to 21 carbon atoms, 

wherein the aryl substituents in the tris-triarylsilyl group 
include phenyl, naphthyl or phenanthryl, 

wherein the alkaryl substituents in the tris-trialkarylsilyl 
group include tolyl, 

wherein the aralkyl substituents in the tris-triaralkylsilyl 
group include benzyl, 

wherein the alkenyl substituents in the tris-trialkenylsilyl 
group include vinyl, 

wherein the fluoroalkyl substituents in the tris-trifluoro 
alkyl group include linear or branched fluorinated alkyl 
groups having 2-12 carbon atoms, or fluorinated 
cycloalkyl groups having 3-17 carbon atoms, 

wherein the alkynyl substituents in the tris-trialkynylsilyl 
group include ethynyl groups, and 
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wherein any two R'7-R and R7'-R7 in the same mol 

ecule may be linked to form a three- to eight-membered 
cyclic group. 

2. The method of claim 1, wherein said method of forming 
the stable viscosity coating composition further comprises 
additionally combining a radiation sensitive photoacid gen 
erator (PAG) with said vinyl ether and said stabilizer, wherein 
said PAG comprises from about 0.2 to about 10.0 parts by 
weight per 100 parts by weight of the stable viscosity coating 
composition. 

3. The method of claim 2, wherein the PAG is represented 
by at least one of the following structures: 

(X) 
ficipal 

() Cs-OSO2C4F9 
O) N 

(XI) 

Fictic, 
() Cs-OSO2C4Fo 

O) N 
(XII) 

Tf Tf NN N1 

FC CF 

1N1)- 

4. The method of claim 3, wherein the molar ratio of the 
stabilizer to the PAG in the stable viscosity coating compo 
sition is from about 0.01 to about 0.2. 

5. The method of claim3, wherein the PAG is a sulfonium 
salt. 

6. The method of claim 5, wherein the stabilizer sensitizes 
the Sulfonium salts so that the Sulfonium salts generate acid 
upon exposure to UV radiation having a wavelength not 
exceeding 365 nm. 

7. The method of claim 3, wherein the stable viscosity 
coating composition has an increased shelflife, as compared 
to a shelf life of a corresponding stable viscosity coating 
composition that does not include the stabilizer by a factor of 
greater than 2, wherein shelf life is defined as (T-T), 
wherein T, is an initial time when the vinyl ether is combined 
with the PAG, and T, is a final time when a viscosity of the 
stabilized stable viscosity coating composition has increased 
to a viscosity greater than or equal to 10 cps, at 20° C. 

8. The method of claim 1, wherein the vinyl ether (III) is 
CH=CHOCHSi(CH),CHOCH=CH, 

wherein F is the silicon atom, 
wherein q and rare 1, 
wherein R, R29, R2, R22, R2, R2, R27R28 and R2 are H, 

and 
wherein R and Rare independently methyl groups or 
CH=CHOCHC(CH)-CHOCH=CH, 

wherein F is the carbon atom, 
wherein q and rare 1, 
wherein R, R2, R2, R2, R2, R2, R27, R2 and Rare 

H, and 
wherein RandR'' are methyl groups. 
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9. The method of claim 1, wherein the vinyl ether (III) is 
CH(CH,)—CHOCHSi(CH,)(CHOCH=CH(CH)) 
CHOCH=CH(CH), 

wherein F is the silicon atom, wherein q and rare 1, 
wherein R, R2, R2, R2, R2, R27 and Rare H, 
wherein R, R and Rare methyl, and 
wherein R is —CHOCH=CH(CH). 
10. A method for forming a stable viscosity coating com 

position, comprising combining a vinyl ether with a stabilizer 
to form said stable viscosity coating composition, wherein 
said ether comprises from about 70 to about 98.8 parts by 
weight per 100 parts by weight of the stable viscosity coating 
composition, said vinyl ether comprising: 

a vinyl ether having the structure: 

at least one stabilizer selected from the group consisting of 

(VII) 
R77 CH-OH R78 

RS R70 and 

R75 R7 

R74 R73 R72 
(VIII) 

R79 R86 

R80 S R8; and 

R8 4. R84 
R82 R83 

wherein F is selected from the group consisting of a 
carbon atom and a silicon atom, 

wherein q and rare independently an integer from 0 to 6. 
wherein a Sum of the integers q and r is so, and 
wherein each occurrence of R. R. R. R. R. R. 

R25, R26, R27, R28, R29, R71, R72, R73, R74, R75, R76, 
R77, R78, R79, R80, R8, R82, R83, R84, R85, R and 
R7 is independently selected from the group consist 
ing of a hydrogen atom, a fluorine atom or a hydro 
carbyl Substituent with a primary, a secondary or a 
tertiary carbon attachment point, said hydrocarbyl 
Substituent selected from the group consisting of a 
linear alkyl or a linear alkoxy group having 1-6 carbon 
atoms, a branched alkyl or branched alkoxy group 
having 2-12 carbon atoms, a cycloalkyl, a bicy 
cloalkyl, a cycloalkoxy or a bicycloalkoxy group hav 
ing 3-17 carbon atoms, a fluorinated linear alkyl 
group having 2-12 carbon atoms, a fluorinated 
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branched alkyl group having 2-12 carbon atoms, a 
fluorinated cycloalkyl group having 3-17 carbon 
atoms, an aryl group, an aralkyl group, an alkaryl 
group, an alkenyl group, a cycloalkenyl group, a dihy 
dropyranyl group, a dihydrofuranyl group, an alkalk 
enyl group, an alkenylalkyl group, an alkynyl group, 
an alkalkynyl group, an alkynylalkyl group, a trifluo 
romethyl group, a trifluoroethyl group, a trifluoropro 
pyl group, a cyanopropyl group, a tris-trialkysily 
group, a tris-triarylsilyl group, a tris-trialkarylsilyl 
group, a tris-triaralkylsilyl group, a tris-trialkenylsilyl 
group, a tris-trifluoroalkyl group, a tris-trialkynylsilyl 
group, a tris-trifluoromethylsilyl group, a tris-trifluo 
roethylsilyl group, a tris-trifluoropropylsilyl group, a 
tris-cyanopropylsilyl group, and 

wherein the alkyl substituents in the tris-trialkylsilyl group 
include linear, branched, cyclic or bicyclic alkyl sub 
stituents having 1 to 21 carbon atoms, 

wherein the aryl substituents in the tris-triarylsilyl group 
include phenyl, naphthyl or phenanthryl, 

wherein the alkaryl substituents in the tris-trialkarylsilyl 
group include tolyl, 

wherein the aralkyl substituents in the tris-triaralkylsilyl 
group include benzyl, 

wherein the alkenyl substituents in the tris-trialkenylsilyl 
group include vinyl, 

wherein the fluoroalkyl substituents in the tris-trifluoro 
alkyl group include linear or branched fluorinated alkyl 
groups having 2-12 carbon atoms, or fluorinated 
cycloalkyl groups having 3-17 carbon atoms, 

wherein the alkynll substituents in the tris-trialkynylsilyl 
group include ethynyl groups, and 

wherein any two R'-R and R7'-R7 in the same mol 
ecule may be linked to form a three- to eight-membered 
cyclic group. 

11. The method of claim 10, wherein the vinyl ether (III) is 
CH=CHOCHSi(CH),CHOCH=CH, 

wherein F is the silicon atom, 
wherein q and rare 1, 
wherein R, R29, R2, R22, R2, R2, R27R28 and R2 are H, 

and 
wherein R* and R are independently methyl groups or 
CH=CHOCHC(CH)-CHOCH=CH, 

wherein F is the carbon atom, 
wherein q and rare 1, 
wherein R,R,R,R,R,R,R27R and Rare H, 

and 
wherein RandR'' are methyl groups. 
12. The method of claim 10, wherein the vinyl ether (III) is 

CH(CH)—CHOCHSiCCH)(CHOCH=CH(CH)) 
CHOCH=CH(CH), 

wherein F is the silicon atom, wherein q and rare 1, 
wherein R. R. R. R. R. R7 and Rare H, 
wherein R. R* and Rare methyl, and 
wherein R is —CHOCH=CH(CH). 

k k k k k 


